C erviCal spondylotic myelopathy (CSM) is a progressive degenerative spine disease and the most common cause of spinal cord dysfunction in adults worldwide. 33, 65 Although generally safe and effective, surgery for the treatment of CSM is associated with complications in 11%-38% of patients. 6, 15 These include dysphagia, C-5 radiculopathy, wound infection, axial pain, and postoperative kyphosis.
ables when selecting a surgical approach. 69 These include comorbidities, pathology, clinical presentation, level of stenosis, cervical sagittal alignment, presence of axial neck pain, and familiarity with the technique. 46 In addition, the safety of the procedure and risks of complications also inform the surgical decision-making process. Historically, posterior laminectomy was considered to be the gold standard and treatment choice for CSM; however, the risk of surgery-related complications including postoperative kyphosis, segmental instability, and progression of myelopathy has promoted the addition of fusion to simple laminectomy. Unfortunately, fusion does affect the biomechanics of the cervical spine and can lead to decreased mobility, neck stiffness, and adjacent segment degeneration. Laminoplasty was later developed to enlarge the spinal canal while preserving neck motion and spinal curvature. However, this technique is contraindicated in patients with neutral or kyphotic alignment and can lead to worsening or persistence of preexisting neck pain. The anterior approach, on the other hand, has recently grown in popularity and is becoming the preferred method of decompression for the majority of CSM cases.
Although the rate of complications associated with surgery are well documented, we lack comparative measures of complication rates between surgical approaches and techniques. This knowledge gap is important as this information can help surgeons balance the risks and benefits of each procedure. Furthermore, several variables may be predictive of postoperative complications, including specific patient characteristics, imaging parameters, and other surgical factors. By identifying these key predictors, clinicians will be better equipped to detect their high-risk patients and take appropriate preoperative and intraoperative preventative measures to optimize patient outcome.
This systematic review addresses 2 key questions (KQs). KQ1: Are there clinical, imaging, or surgical factors associated with complications during or following surgery? KQ2: Do the rates of complications differ across surgical interventions? methods eligibility criteria
Population
Our review targeted studies of adult patients (> 18 years) with cervical myelopathy secondary to spondylosis, disc herniation, ossification of the posterior longitudinal ligament (OPLL), congenital stenosis, or subluxation. All patients were treated surgically and were followed up postoperatively. Studies were excluded if they included patients with traumatic spinal cord injury, thoracic or lumbar myelopathy, radiculopathy, tumor, or infection. Furthermore, studies were excluded if patients were undergoing revision surgery (Table 1) .
Prognostic Factors
For KQ1, we sought studies that evaluated various predictors of complications including clinical, imaging, and surgical factors. Studies were excluded if their focus was on the predictive value of neuromonitoring or surgical materials. For KQ2, we focused on studies that compared complication rates between different surgical approaches or techniques (Table 1) .
Outcomes
Our primary outcome measure was overall postoperative complication rates or rates of specific complications such as C-5 nerve root palsy, dysphagia, infection, or instability. Studies that focused on predictors of heterotopic ossification, progression of myelopathy, or adjacent segment degeneration were excluded. Studies that defined axial pain and postoperative kyphosis as complications were included. However, those that discussed axial pain and sagittal alignment as measures of pain and radiographic outcomes, respectively, were excluded (Table 1) .
imaging, and surgical prognostic factors evaluated; primary complication outcome; and results of association, including reported odds ratios, regression coefficients, or p values.
risk of bias in individual Studies
The class of evidence for each article was rated (Class I, II, III, IV) independently by 2 reviewers using criteria outlined by the Journal of Bone and Joint Surgery for prognostic (KQ1) and therapeutic (KQ2) studies and modified to encompass both methodological quality and risk of bias. Prognostic studies included in this review were all cohort studies and were assessed based on whether patients were at a similar time point in their disease/treatment, the rate of follow-up, and whether the analysis controlled for important confounders. Therapeutic studies were rated based on study design, patient selection, if the analysis included intention to treat, blinded assessment, whether cointerventions were equally applied, rates of follow-up, statistical power, and control for confounding. The level of evidence for therapeutic studies in this review was judged based on how the study was designed to compare and analyze rates of complications across surgical cohorts.
risk of bias across Studies
The overall body of evidence was then assessed using a scoring system developed by the Grading of Recommendation Assessment, Development and Evaluation (GRADE) working group with recommendations from the Agency for Healthcare Research and Quality (AHQR). 1 For KQ1, we only considered results from studies conducting a multivariate analysis.
The initial strength of the overall body of evidence was graded and classified as "high" if the majority of studies were Class I or II and "low" if the majority of the studies were Class III or IV. The body of evidence was downgraded 1 or 2 levels if the results were inconsistent, the evidence was indirect, the effect estimates were imprecise, or if there was a non a priori statement of subgroup analyses. In contrast, the body of evidence was upgraded 1 or 2 levels if there was a large magnitude of effect or a dose-response gradient. The final rating of the body of evidence expresses our confidence in the estimate of effect and the impact of further research on this topic. An overall strength of high means we have high confidence that the evidence reflects the true effect. Further research is very unlikely to change our confidence in the estimate of effect. The overall strength of "moderate" means we have moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of effect and may change the estimate. A grade of low means we have low confidence that the evidence reflects the true effect. Further research is likely to change the confidence in the estimate of effect and likely to change the estimate. Finally, a grade of "insufficient" means that evidence either is unavailable or does not permit a conclusion.
results

Study Selection
The search yielded a total of 5472 citations. After initial review of abstracts and titles, 5259 studies did not meet our inclusion criteria. Following full text investigation, an additional 153 studies were excluded because 1) not all patients were diagnosed with degenerative cervical myelopathy, 2) p values were not provided for analyses, and/or 3) a statistical test was not used to compare complication rates or demographic differences between 2 groups. A total of 60 studies were deemed relevant following this rigorous review process.
Study characteristics
For KQ1, we identified 36 prognostic cohort studies discussing key clinical, imaging, or surgical predictors of complications. Of these studies, only 9 (3 prospective, 6 retrospective) conducted a multivariate analysis and controlled for potential confounding variables. 3, 13, 19, 21, 26, 34, 36, 37, 41 Sample sizes ranged from 81 to 58,118 surgical patients, with mean ages between 57 and 64.1 years. All patients were diagnosed with some form of degenerative cervical myelopathy, with the majority presenting with either CSM or OPLL. The main outcome was postoperative complications in 4 studies, 3, 13, 19, 21 C-5 or upper extremity palsy in 3, 26, 34, 41 major intraoperative blood loss in 1, 37 and axial pain in 1. 36 As indicated by Table 2 , several clinical, imaging, and surgical predictors were evaluated in these studies. Twenty-seven additional papers reported on predictors of complications but did not use an adequate multivariate statistical analysis. The following is a summary of the primary outcomes of these studies: postoperative complications (n = 4); 20, 27, 50, 52 nerve root palsy (n = 8); [7] [8] [9] 12, 31, 42, 49, 53 radiculopathy (n = 3); 24, 40, 67 shoulder stiffness and neck pain (n = 1); 76 instability (n = 1); 25 postoperative kyphosis (n = 2); 34, 64 axial pain (n = 3); 54,55,61 pseudarthrosis (n = 1); 16 graft dislodgement (n = 2); 16, 45 closure of lamina (n = 2); 51, 68 and reconstruction failure (n = 1). 56 For KQ2, a total of 28 therapeutic cohort studies (2 randomized control trials, 11 prospective, 15 retrospective) met our inclusion criteria. These studies were designed to compare the efficacy and complication rates between 2 different surgical interventions or varying techniques. Studies reported on differences between anterior and posterior approaches (n = 9); 15, 18, 19, 22, 30, 42, 44, 48, 59 laminoplasty and laminectomy and fusion (n = 4); 10, 19, 70, 72 anterior decompression and Bryan disc (n = 1); 11 and anterior cervical discectomy and fusion (ACDF) and corpectomy (n = 2). 47, 63 In addition, 11 studies compared laminoplasty techniques or considered technical differences such as laminoplasty with and without foraminotomy or muscle preservation. 28, 29, 34, 38, 39, 43, 57, 58, 60, 66, 71 
risk of bias
For the prognostic studies, we critically appraised 9 studies in which a multivariate analysis was conducted. Of these, 3 were considered Class II and 6 were rated Class III. The 3 Class II studies were prospective in nature, had adequate follow-up rates, and accounted for key confounding variables in their analyses. The Class III studies had moderately high risk of bias as most were retrospective cohort studies that violated ≥ 1 criteria required for a good-quality (Class II) cohort study.
For the therapeutic studies, the majority were graded Class III as they were moderate or poor-quality cohort studies. These studies were downgraded from Class II to Class III because cointerventions were not applied equally; assessment was not blinded in prospective studies; data were unreliable in retrospective studies; followup rates were < 80%; and/or analyses did not control for important confounders. Three studies were Class II evidence. Furlan et al., there was a greater number of comorbidities, as defined by the number of International Classification of Disease (ICD)-9 codes, in the complication group compared with the noncomplication group (p = 0.033). In addition, the mean Charlson Comorbidity Index was higher in patients with postoperative complications, although this difference did not reach statistical significance (p = 0.092). In multivariate analysis, however, neither the number nor the severity of comorbidities were found to be predictive.
results of individual
Cook et al. focused on the impact of diabetes on various complication categories, including dysphagia, postoperative infection, and procedural. 13 In univariate analysis, patients with diabetes experienced a higher rate of dysphagia (p < 0.01), transfusion (p = 0.01) and cardiac (p < 0.01), peripheral vascular (p = 0.01), respiratory (p < 0.01), and hematoma complications (p = 0.01) than patients without diabetes. In addition, cardiac (p = 0.01) and hematoma (p = 0.01) complications were more prevalent in patients with uncontrolled diabetes as compared to those with controlled disease. There were no significant differences in complication rates between patients with Type I and Type II diabetes. Following adjustment for confounders, patients with diabetes were at a higher risk of cardiac complications than those without diabetes (OR 1.57, 95% CI 1.14-2.16, p = 0.01). In addition, patients with uncontrolled diabetes were more likely to experience cardiac complications (OR 2.82, 95% CI 1.14-7.01, p = 0.03), complications of hematomas (OR 5.13, 95% CI 2.16-12.17, p < 0.01), and postoperative infection (OR Other clinical predictors such as sex, duration of symptoms, baseline severity score, smoking status, or body mass index (BMI) were not found to be significantly associated with postoperative complications in either univariate or multivariate analysis (Table 3) . 3, 19, 21 Upper Extremity or C-5 Palsy
Hasegawa et al., Kaneyama et al., and Kimura et al. explored various clinical and imaging risk factors of upper extremity palsy following surgical decompression. 26, 34, 41 The sample used in the studies by Hasegawa et al. and Kaneyama et al. consisted of surgical patients with various forms of degenerative cervical myelopathy, including CSM, OPLL, and cervical disc herniation (CDH). Both studies found that patients with OPLL as the primary diagnosis were at a markedly higher risk of experiencing upper extremity palsy than those with other forms of degenerative myelopathy (Hasegawa et al., OR 19 .0, p < 0.0001; Kaneyama et al., OR 43.8, p < 0.05). In the study by Hasegawa et al., although older age was found to be a significant predictor of upper extremity palsy in univariate analysis (OR 0.1, p < 0.05), it was not significant in multivariate analysis (OR 2.59, p = 0.108). Age was also found to be an insignificant predictor of C-5 palsy in the study by Kaneyama et al.
Kimura et al. conducted a study on 150 OPLL patients to determine the risk factors for neurological complications occurring within 2 weeks of anterior decompression and fusion (ADF). High occupying ratio was the only significant clinical or imaging predictor of postoperative upper extremity paresis (OR 1.047, p = 0.040). Age was not considered in this analysis.
Sex, baseline severity score, and various clinical signs were not significant clinical predictors of upper extremity palsy. 26, 34 Several imaging factors were also not related to postoperative palsy development, including cervical alignment, number of compressed segments, position of superior articular process, cord inclination, signal change on T2-weighted MRI, and mid-C-2 to mid-C-7 angle.
34,41
Major Blood Loss A single study by Kato et al. examined important clinical and imaging predictors of major intraoperative blood loss during laminoplasty in patients with OPLL. 37 When comparing a group of patients with > 500 mL blood loss to a group with ≤ 500 ml, there were no significant differences with respect to age, sex, size, or type of OPLL (continuous, segmental, mixed, or local), C2-7 alignment, or high signal intensity on T2-weighted MRI. The occupying ratio, however, was significantly higher (48.3% ± 13.4%) in the major blood loss group as compared to the control group (42.7% ± 13.2%, p = 0.02). Furthermore, an occupying ratio of 60% or greater was the only significant risk factor following stepwise multivariate, logistic regression (OR 2.94, 95% CI 1.1-5.3, p = 0.03).
Axial Pain
Kato et al. defined postoperative axial pain as pain from the nuchal to scapular region developing or progressing between 6 months and 2 years postoperatively. 36 Following multivariate analysis, older age was the only significant predictor of axial pain (> 63, OR 0.17, 95% CI 0.04-0.72, p > 0.05). Sex, diagnosis, duration of symptoms, baseline severity score, preoperative alignment, and range of motion were not significant risk factors.
KQ1: are there Surgical Factors that can predict complication development?
Complications
Two studies assessed the value of various surgical factors as predictors of complications. 19, 21 Based on univari- 19 Fehlings et al. also explored risk factors for only major complications, defined as an event resulting in permanent or prolonged morbidity, prolongation of hospital stay, or invasive intervention. 19 Patients who were treated surgically with a 2-stage procedure were 5.30 times more (OR 5.30, 95% CI 1.626-17.256) likely to experience a major complication as compared to those undergoing either a single-stage anterior or posterior surgery (p = 0.006). Furlan et al. reported that the anterior approach was associated with fewer postoperative complications than either a posterior or circumferential procedure (p = 0.018). 21 This surgical factor, however, was not a significant predictor following multivariate analysis (p = 0.248).
Fehlings et al. identified no differences in surgical approach (p = 0.11) or number of vertebrae operated on (p = 0.067) between patients who experienced perioperative complications and those who did not. Furthermore, whether the procedure included spinal fusion (p = 0.82) (anterior or posterior, p = 0.064), a laminoplasty (p = 0.48), or a corpectomy (p = 0.84) did not influence postoperative complication rates.
Upper Extremity or C-5 Palsy
Hasegawa et al. reported that surgical approach (anterior vs posterior or ADF vs laminoplasty vs laminectomy) did not influence the occurrence of C-5 palsy. 26 The number of decompressed levels tended to be higher in patient with C-5 palsy, although this relationship did not reach statistical significance. Following stepwise logistic regression, a greater number of levels was predictive of postoperative C-5 palsy in patients undergoing ADF (OR 11.5, p < 0.001).
In a study by Kimura et al., patients with fusion of 3 or more levels (p = 0.017) and a longer operative duration (p = 0.002) were at an increased risk of developing upperextremity palsy. 41 These 2 relationships, however, were not significant in multivariate analysis (p = 0.77, p = 0.74, respectively). Increased intraoperative blood loss was the only identified surgical predictor of upper-extremity palsy (OR 1.002, 95% CI 1.000-1.003, p = 0.047).
Finally, Kaneyama et al. reported that patients undergoing open-door laminoplasty were at a significantly higher risk of developing C-5 nerve palsy than those treated with double-door laminoplasty (OR 69.6, 95% CI 1.14-999.99, p = 0.043). 34 This estimate, however, is unstable. Number of open laminae was the only other surgical factor considered in this study and was not predictive of C-5 palsy (p = 0.483).
Major Blood Loss
There was no difference in the number of operated levels between patients who experienced excessive blood loss (5.1 ± 1.0) and those who did not (5.0 ± 0.8, p = 0.68). 37 Operative duration, however, was longer in the major blood loss group (240 ± 112 minutes vs 149 ± 59 minutes, p < 0.001).
Axial Pain
Based on multivariate analysis, preservation of paraspi- nal muscles attached at C-2 decreased the risk of postoperative axial pain (OR 0.13, 95% CI 0.02-0.98, p < 0.05). 36 Operative duration, blood loss, and preservation of paraspinal muscles attachment at C-7 were not significantly associated with postoperative axial pain. Table 4 summarizes the results of studies that identified important predictors of complications but did not conduct a multivariate analysis.
Results of Studies Without Multivariate Analyses
Based on the results of 2 studies, preoperative severity was not related to overall complication rates. 20, 27 In a study by Holly et al., complication rates were compared between patients older than 75 years and patients under 65 years. In the elderly group, the complication rate (38%) was significantly higher than in the younger group (6%, p = 0.002). In a study by Lu et al., the incidence of complications was also much higher (35%) in the aged group (≥ 70 years) compared with the control group (9.7%) (< 70 years), although this relationship did not reach statistical significance.
50
There was consensus in the literature that age (n = 4), 7, 31, 43, 53 sex (n = 2), 7, 31 preoperative severity (n = 5), 7, 12, 31, 43, 53 muscle manual test results (n = 2), 7,43 duration of symptoms (n = 2), 31,43 diagnosis (n = 2), 31,53 preoperative cervical lordosis (n = 2), 31, 53 and cervical curvature (n = 2) 43, 49 are not significant predictors of nerve root palsy. In a study by Imagama et al., patients experiencing C-5 palsy had a smaller C-5 intervertebral foramen width and a higher degree of anterior protrusion of the superior articular process of C-5. Komagata et al., however, noted no significant difference in the extent of anterior protrusion between patients with (4.3 ± 4) and without (3.73 ± 3) palsy (p = 0.51).
31,42
Hyperintensity on a MRI was also not an important imaging predictor of nerve root palsy. 7, 31 Three studies examined important predictive factors of radiculopathy following surgery. 24, 40, 65 In a study by Greiner-Perth et al., patients who had symptoms of C-5 and/or C-6 radiculopathy were on average older (62.4 vs 58.6 years, p < 0.01) and had a greater number of operated levels (2.2 vs 1.7 levels, p < 0.001) than those who did not. The incidence of postoperative radiculopathy, however, was not different between an elderly patient group (≥ 70 years) and a younger patient group (< 70 years) in a study by Kawaguchi et al. (p = 0.18). There was consensus in the literature that preoperative severity (n = 2) was not significantly associated with postoperative radiculopathy. 24, 65 Risk factors for stability complications such as instability (n = 1) 25 and postoperative kyphosis (n = 2) 35, 64 were assessed by 3 studies. Guigui et al. reported that patients who were younger (p = 0.03), had a hypermobile spine (p < 0.0001), had greater preoperative range of motion (p < 0.0001), and received a C-2 laminectomy (p = 0.0164) were more susceptible to spinal destabilization. With respect to postoperative kyphosis, a single study reported that a diagnosis of CSM, smaller preoperative Cobb angle in neutral (p = 0.000), larger degree of preoperative flexion (p = 0.023), and small degree of preoperative extension (p = 0.025) were all important predictors. 62 As demonstrated by 2 studies, an increase in the number of operative lamina is significantly associated with an increase incidence of axial pain (p < 0.001, p = 0.03). 54, 61 A diagnosis of OPLL (compared with CSM) is also an important clinical predictor of axial pain (p = 0.027). 54 As indicated by single studies, risk factors for various surgical complications include 1) younger age (p < 0.05) and multilevel surgery (p < 0.002) for pseudarthrosis, 16 2) previous surgery for graft complications (p < 0.001), 16 3) preoperative kyphosis for closure of lamina (p = 0.014), 51 and 4) a larger number of fused segments for reconstruction failure (4.2 vs 3.5, p < 0.05).
56 Age (n = 3) 51,56,68 and sex (n = 3) 51, 56, 68 were not significant predictors of surgical complications.
KQ2: are rates of complications different between Surgical interventions or varying techniques?
Anterior Versus Posterior
Fehlings et al. compared rates of complications between anterior and posterior surgical groups. 18, 19 The patient demographics were significantly different in the 2 cohorts: patients treated anteriorly were on average younger, their condition was less severe, they had fewer operated levels, and experienced a smaller volume of blood loss than those treated posteriorly. There were, however, no significant differences in rates of major and/or minor complications (p = 0.11 19 22 In addition, there were no significant differences in rates of overall (p = 0.654), surgical (p = 0.507), medical (p = 1.00), or irreversible complications (p = 0.74) between corpectomy and laminectomy and fusion surgeries. 44 The frequency of dysphagia and transient hoarseness, however, was greater in the corpectomy group (7.1%) compared with the laminectomy and fusion group (0%).
Five studies analyzed differences in complication rates between anterior decompression surgery and laminoplasty. 15, 30, 42, 48, 59 The surgical approach was at the discretion of the attending surgeon in 2 studies. 15, 48 In the other 3 studies, the design was quasi-randomized: patients were treated anteriorly within a specific time frame and posteriorly in subsequent years. 30, 42, 59 Based on results from Edwards et al. and Liu et al., there was a higher incidence of complications in the anterior group (ACDF with plate cage Benezech [PCB; p < 0.05] or corpectomy [p < 0.05]) compared with laminoplasty group. The rates of axial pain were found to be significantly higher in the laminoplasty group as compared to the ADF group. 30 These conclusions, however, were based on single studies. According to Sakaura et al., there were no significant differences in rates of C-5 palsy, bone graft complications, donor site morbidities, axial pain, or postoperative kyphosis between the groups. 59 
Anterior Techniques
Three studies compared the efficacy and safety of various anterior approaches: ACDF versus Bryan disc pros- thesis (n = 1) 11 and ADCF versus corpectomy (n = 2).
47,63
Cheng et al. conducted a randomized control trial to compare operative and postoperative characteristics between a Bryan disc and an ACDF group. 11 Complication rates were higher in the ACDF group since dysphagia was seen in 7 patients as compared to only 1 in the Bryan group (p < 0.001).
When comparing ACDF to anterior corpectomy, there were no significant differences in rates of surgical complications (p = 0.694), CSF (p = 0.604), hoarseness ( 
Posterior Techniques
Four studies compared complication rates between laminoplasty and laminectomy and fusion. 
Laminoplasty Techniques
Various laminoplasty techniques have been designed and modified to improve surgical outcome and decrease postoperative morbidity. In this review, 11 studies compared complication rates between different forms of laminoplasty procedures. In a quasi-randomized study, Park et al. observed no significant differences in aggravated neck pain (p = 0.34), C-5 palsy (p = 0.34), or other complications (p = 1.00) between midline-splitting and unilateral single-door laminoplasty. 57 Similarly, hinge position (wide group: hinge located at the inner margin of the lateral mass; narrow group: hinge at the lamina margin) was not associated with the development of C-5 palsy (p = 0.17). 71 In a comparative study between open-door and doubledoor laminoplasty, C-5 palsy rates tended to be higher following open-door laminoplasty (p < 0.05). 34 Selective expansive open-door laminoplasty (EOLP) was designed to reduce damage to cervical posterior elements and prevent common long-term problems of laminoplasty, such as axial symptoms, malalignment, and decreased range of motion. 66 This procedure consists of an open-door laminoplasty at the levels of stenosis and a partial laminectomy combined with laminoplasty at the most inferior stenosis level. As indicated by Tsuji et al., the incidence of C-5 palsy was significantly lower in the selective EOLP group than in a C3-7 EOLP group (p = 0.037).
Another modification of laminoplasty was designed to reduce the amount of bone graft during operation (3 levels only in the open side), shorten the period of orthosis application, and encourage patients to exercise their posterior neck muscles postoperatively. 39 Complication rates in this modified group were compared with rates following traditional open-door en bloc laminoplasty. 32 There was a lower incidence of axial pain and neck stiffness in the modified group (p = 0.0019). Four studies have explored muscle-preserving techniques and have compared rates of axial pain, postoperative kyphosis, and C-5 nerve root palsy.
28,29,58,60 Sakaura et al. examined whether preservation of 1) subaxial deep extensor muscles or 2) the funicular section of the nuchal ligament attached to the C-6 and C-7 spinous process could prevent poor radiological outcomes and axial pain. Based on results from these 2 studies, there was no significant difference in rates of axial pain between muscle-preserving and muscle-disrupting groups. Incidence of postoperative kyphosis was not different between the subaxial deep extensor preserving group and the control group.
The cohort study conducted by Hosono et al. compared C3-7 to C3-6 laminoplasty. The only difference between the procedures was that the C-7 lamina was opened in the C3-7 group because these patients exhibited cord compression at C-6/C-7 or lower levels. Early and late axial pain rates were higher in the C3-7 group, likely due to disruption of the trapezius and rhomboideus minor muscles that typically attach to the C-7 vertebra (early: p = 0.006; late: p = 0.015). These results were confirmed by a second study by Hosono et al.: there was a higher incidence of early and late axial pain in the left-opened C3-7 group compared with either the left or right opened C3-6 groups (early: p = 0.0008; late: p = 0.0036). These studies are summarized in Table 5 . Table 6 describes how the overall quality of evidence was derived. High evidence suggests that old age is predictive of perioperative complications. Low evidence reports old age decreases the risk of postoperative axial pain. Age, however, is not associated with upper extremity/C-5 palsy (low evidence).
Summary of evidence
Based on low evidence, there is no association between comorbidities, baseline severity score, BMI, duration of symptoms and smoking status, and perioperative complications. Sex is also not a significant predictor (moderate evidence).
Low evidence suggests that patients with a diagnosis of OPLL are at a greater risk of developing upper extremity palsy or C-5 palsy postoperatively. Low to moderate evidence suggests no association between surgical approach, number of levels, estimated blood loss, laminoplasty and corpectomy, and perioperative complications. Longer operative duration is predictive of overall perioperative complications (moderate evidence) but not of major complications (low evidence).
Based on moderate evidence, there are higher rates of neck pain in laminoplasty compared with anterior spinal fusion and higher rates of dysphagia in ACDF than in Bryan disc. With respect to laminoplasty techniques, there is no difference in rates of C-5 palsy between wide and open-door laminoplasty (moderate evidence). Low evidence reports a lower incidence of C-5 palsy in laminoplasty with concurrent foraminotomy compared with no foraminotomy.
discussion
This review summarizes important clinical and surgical predictors of postoperative complications. This knowledge will allow clinicians to identify high-risk patients and institute rigorous prevention strategies. Furthermore, surgeons can use this information to objectively discuss surgical risks with their patients. This, together with outcome prediction, will enable patients to make more informed decisions during the surgical-consent process and will also aid in expectation management. Finally, from an economic standpoint, health care providers will be able to appropriately allocate resources and predict future hospital utilization costs for each surgical patient.
Based on this review, age is a significant predictor of postoperative complications. This is consistent with previous lumbar spine studies that have shown significant adverse events in elderly patients following surgery. 5, 14 As CSM is a progressive disease, older patients are likely to have substantial degenerative pathology and will require a more complex surgery. 19 In addition, the elderly can be less tolerant to surgery due to poorer overall general health status, comorbidities, and reduced physiological reserves.
There is controversy in the literature surrounding the predictive value of comorbidities. The number of comorbidities was significantly associated with perioperative complications in a study by Boakye et al. 3 This finding was based on a large retrospective analysis of 58,115 patients undergoing spinal fusion at a single hospital. Furlan et al., on the other hand, reported no relationship between the number of ICD-9 codes and perioperative complications. 21 This insignificant multivariate association may be due to a potential interaction between older age and number of comorbidities. Patients with diabetes, particularly uncontrolled or Type I, are at a greater risk of perioperative complications and may require a longer length of stay and more hospital resources. These findings are consistent with results from previous lumbar spine studies that concluded diabetes is a significant risk factor of wound infections and nonunions. 2, 17, 23, 62 With respect to surgical factors, a longer operative duration is associated with greater perioperative complication rates. Duration of surgery may be a surrogate for case * Modified group: 1) bone grafts in the open gap were placed at 3 levels, 2) bone grafting in the hinged side was not performed, 3) the neck collar was worn for only 1 month, and 4) patients were advised to perform early posterior neck muscle exercises. † C-6+C-7 group: funicular section attaching both to C-6 and C-7 spinous process was preserved; C-7 group: funicular section of the nuchal ligament attached only to the C-7 spinous process was preserved (not attached to C-6 process on MRI). complexity. Therefore, we do not recommend surgeons speed up surgery to prevent complications but rather identify complex cases, anticipate complications and plan accordingly. A 2-stage anteroposterior surgery is predictive of major complications; similarly, this factor may reflect greater degenerative pathology and increased case complexity. The second objective of this review was to compare complication rates between various surgical techniques. Based on the results of KQ1, studies had to control for age and operative duration to be classified as good quality cohort studies. Unfortunately, the majority of the literature included in this review did not adjust for these 2 confounders, preventing accurate comparisons between groups.
There was low to moderate evidence, however, suggesting differences in complication rates between ACDF and laminoplasty, ACDF and Bryan's disc, narrow and widehinge laminoplasty, and presence and absence of concurrent foraminotomy. Postoperative neck pain is frequently encountered following laminoplasty and rates are significantly higher than following anterior spinal fusion.
Current hypotheses for intra-or postoperative C-5 nerve root palsy include traumatic surgical procedure, edema of the spinal cord, or tethering of the root. Yonenobu et al. suggested that C-5 palsy is more common following wideopen door laminoplasty due to excessive backward shift of the spinal cord. 73, 74 The hinge position determines how open the door is and an inward shift of the hinge restricts excessive backward shift and overstretching of the nerve roots. 71 Although no patients in the narrow-group experienced C-5 palsy and 3 cases were seen in the wide group, this difference did not reach statistical significance. However, there was a lower incidence of this complication following laminoplasty with concurrent foraminotomy, suggesting that another potential cause of C-5 palsy is existing C-4/C-5 foraminal stenosis.
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Strengths and limitations
This is the first systematic review exploring important clinical, imaging, and surgical predictors of complications. It has highlighted some of the key knowledge gaps in the literature, including a lack of high-quality prospective prognostic studies and poor control of confounding variables in comparative studies. Our study has its limitations. First, our search was restricted to studies published in English, and as a result, some relevant abstracts were excluded. Second, although we analyzed the studies based on type of complication, we could not separate based on timing of complications. Third, articles that dichotomized a predictor might have done it differently (e.g., age). Finally, since the review process and critical appraisal does require scientific judgment, there is potential for discrepancy among reviewers and bias.
evidence-based clinical recommendations
Recommendation 1: While surgeons should not discriminate on the basis of age, they should be informed that older patients are at a higher risk of complications and are less likely to achieve a modified Japanese Orthopaedic Association (JOA) score ≥ 16. We therefore recommend surgeons discuss these risks with their patients, plan and institute rigorous preventative strategies, and closely monitor their patients in the perioperative period. Furthermore, health care systems should anticipate higher associated costs and allocate resources accordingly.
Strength of Statement: moderate
Recommendation 2: Longer operative duration and 2-stage surgery are important predictors of complications. However, both likely reflect substantial degenerative pathology and increased case complexity. We therefore recommend surgeons identify these cases preoperatively, anticipate complications, and plan both preventative and postoperative management strategies.
Consensus Statement 1: We suggest that results from this study guide the development of future complication prediction rules. Furthermore, we suggest that analyses in comparative complication studies control for operative duration and age.
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